We herein report three cases of gonadotroph adenoma in men (36-72 years of age) presenting with visual impairment and suprasellar masses measuring approximately 20 to 30 mm in diameter. Endocrinological examinations were normal, except for slightly increased follicle stimulating hormone (FSH) levels in two cases. Based on the tentative diagnosis of non-functioning pituitary adenoma, transsphenoidal surgery was performed, which revealed that the tumors consisted of FSH-and LH-positive cells. As gonadotroph adenoma is very common among patients with clinically silent pituitary adenoma, it should be diagnosed using pathological examinations.
Introduction
Sellar lesions include lesions of various etiologies; however, pituitary adenoma is common (1) (2) (3) (4) . Approximately 80% of pituitary macroadenomas have been reported to be nonfunctioning pituitary adenomas (4, 5) . One of the current authors (S. Y.) and others have reported the findings of an immunohistochemical study of a total of 213 clinically nonfunctioning pituitary adenomas, of which 64% were silent gonadotroph adenomas (5) . Male gonadotropin-secreting pituitary adenoma rarely presents with significant symptoms based on hypersecretion of gonadotropins, except in children, who manifest precocious puberty (6, 7) . Therefore, it is almost impossible to diagnose this condition preoperatively. We herein present three cases of male gonadotroph pituitary adenoma and also provide a review of the pertinent literature.
Case Report
Between January 2008 and December 2010, we found 18 cases of pituitary adenoma that were treated with surgery. Postoperatively, in all cases, the tissue samples were stained immunohistochemically with adrenocorticotropic hormone (ACTH), thyroid stimulating hormone (TSH), prolactin (PRL), luteinizing hormone (LH), follicle stimulating hormone (FSH) and growth hormone (GH). To detect FSHpositive cells, we used an antibody specific to FSH-β that exhibited no cross-reaction to α-subunit, LH or TSH. Among the 18 cases, there were three cases of gonadotroph adenoma. The remaining cases included eight cases of growth hormone-producing adenoma, two cases of prolactinoma and five cases of null cell tumors.
The first case involved a 36-year-old man who was referred to our hospital presenting with bitemporal hemianopia. Magnetic resonance imaging (MRI) revealed an intrasuprasellar mass measuring approximately 25 mm in diameter that was considered to be responsible for the patient's symptoms (Fig. 1) . The patient had no history of premature puberty. Endocrinological examinations revealed normal findings for the basal secretion of ACTH, TSH, PRL, LH, FSH and GH and the responses to loading tests of corticotropinreleasing hormone (CRH), thyrotropin-releasing hormone (TRH), luteinizing hormone-releasing hormone (LHRH) and growth hormone releasing factor (GRF) (Table) . The patient was diagnosed with a nonfunctional pituitary adenoma, which was resected using the transsphenoidal approach. A postoperative immunohistochemical analysis revealed that more than 50% of the tumor cells were FSH-positive and a small percent were LH-positive (Fig. 2) . The other hormones listed above were negative. The second case involved a 72-year-old man who presented with diplopia and ptosis of the left eyelid. He had a history of diabetes mellitus that was treated with an oral hypoglycemic agent; however, he had no known history suggesting premature puberty. MRI revealed a sellar mass measuring approximately 20 mm in diameter with suprasellar extension to the left cavernous sinus that was compressing the optic chiasm (Fig. 1) . The patient was admitted to our hospital. Endocrinological examinations were performed, which revealed a slightly high level of basal FSH secretion (16.40 mIU/mL), although other endocrinological markers, including the basal secretion of ACTH, TSH, PRL, LH and GH and loading tests of CRH, TRH, LHRH and GRF, were normal (Table) . The patient underwent transsphenoidal resection of the pituitary tumor. Immunohistochemically, more than 50% of the tumor cells were FSH-positive, 20% were LH-positive and few were Ki-67-positive (Fig. 2) . Other hormones were negative.
Both patients showed improvements in visual disturbance after surgery. Loading tests performed after surgery demonstrated no findings of adrenal deficiency or hypothyroidism. Since there were no obvious deficiencies in the postoperative growth hormone levels, the levels of growth hormone and IGF-1 were not followed. Patients 2 and 3 have exhibited no findings of recurrence (four years and two years after surgery, respectively); however, the patient of Case 1 dropped out and could not be followed.
Discussion
Two of the authors (T.S. and S.Y.) have proposed that pituitary adenomas can be classified into the following groups: the GH-PRL-TRH group, the ACTH group and the FSH-LH group (5, 7). Pituitary adenomas can also be classified into clinically active and clinically silent adenomas. Clinically "silent" pituitary adenomas include silent somatotroph cell adenomas (8), silent corticotroph cell adenomas (3) and silent gonadotroph adenomas. In particular, silent corticotroph cell adenomas have been reported to exhibit aggressive behavior with progressive visual disturbances and/or infarction (3, 9, 10).
We herein presented three cases of male gonadotropinsecreting pituitary adenoma, all of which were diagnosed postoperatively. It has been reported that 64% of clinically nonfunctioning pituitary adenomas are silent gonadotroph adenomas (5). One study indicated that, among 579 patients with nonfunctioning pituitary adenomas over 20 years of age, 304 patients (52.3%) had silent gonadotroph adenomas (11). Therefore, it is possible that male gonadotroph pituitary adenomas commonly exist in adult men clinically diagnosed with 'nonfunctioning pituitary adenoma;' however, there have been only a few reports investigating this phenomenon in Japanese subjects. Surgery is considered to be the first choice for patients with inactive endocrine adenomas (12) . In approximately 70% of all cases of clinically nonfunctioning pituitary adenoma, the patient experiences improvements in visual impairment (13, 14) . In studies of patients who do not receive postoperative radiotherapy, the regrowth rates range between 6% and 46% (15). Noh et al. reported that, in 10 of 289 cases, tumor regrowth was found more than four years after surgery (16) . Radiation therapy is used most commonly after transsphenoidal surgery to prevent regrowth of residual gonadotroph adenoma tissue (13) . Regrowth is observed in 0-36% of cases after prophylactic postoperative radiotherapy (17) . Recently, several therapeutic options have been developed (6, 12, 13, 18) . Both somatostatin analogues and dopamine agonists have been found to be of some efficacy in selected patients with nonfunctioning pituitary adenoma, with the latter drugs being significantly more effective in reducing tumor volumes (18) . However, the administration of gonadotropin-releasing hormone agonist analogs in patients with gonadotroph adenomas generally produces no effects on secretion or adenoma size (13) .
There are several reasons why few cases of gonadotroph adenoma can be diagnosed preoperatively. First, gonadotroph adenoma is unlikely to develop overt clinical manifestations due to hormone excess in men until the tumor creates a 'mass effect' by pressing on surrounding organs and manifesting with neurological disorders (12, 19, 20) . An excessive amount of gonadotropins may represent oligomenorrhea, amenorrhea or ovarian hyperstimulation in premenopausal women and premature puberty in boys; however, no symptoms are observed in adult men or postmenopausal women (6, 12, 19, 20) . Second, gonadotroph adenomas secrete inefficiently and variably, and most patients with gonadotroph adenomas exhibit a normal gonadal function, including normal fertility (7). Third, there are discrepancies between the serum levels of gonadotropins and their subunits in vivo and their secretion in vitro (20) . The basal concentrations of gonadotropin and their free subunits are elevated in 30-50% of cases (6, 19) . It should be noted that the patient of Case 3 had few gonadotroph cells compared to the serum FSH level.
In conclusion, gonadotropin-producing pituitary adenoma commonly exists in patients with clinically silent pituitary adenoma; thus, gonadotroph adenoma should be diagnosed using pathological examinations in adult men.
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